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ARTICLE INFO ABSTRACT

Keywords: Background: High-risk human papillomavirus type 16 (HPV16) is a risk factor for cervical cancer. The progression
HPV16 from initial infection to cervical cancer has been linked to properties of the viral sequences. However, the dis-
E6 tribution of HPV16 variants among Chinese women has not been extensively addressed and the role of HPV16
EéR variants in the risk of cervical carcinogenesis remains poorly understood.

Polymorphism Methods: HPV16 positive cervical exfoliated cell samples were collected from 249 women living in Beijing, China.
Phylogeny PCR products from two fragments of E6-E7 and LCR of HPV16 in these samples were sequenced and analyzed.

Results: Lineage A was found in the subjects, including Al, A2, A3 and A4 sublineages. Based on the HPV16
reference sequences, 26 nucleotide mutations of A4 sublineage and 39 nucleotide mutations of A1-3 sublineages
were found in the E6, E7 and LCR of HPV16 isolates. Point mutations T843C, A7287C and A7872G of A4
sublineage were significantly associated with high-grade cervical lesions. The high-frequency sites in HPV16 LCR
located at regions that can bind to multiple transcription factors.

Conclusions: This study contributes to the identification of unique variants in the E6, E7 and LCR of HPV16
isolates infected in Chinese women. Mutations of T843C, A7287C and A7872G in A4 sublineages were signifi-
cantly associated with high-grade cervical lesions, suggesting that mutations in the E7 and LCR region have
potential effects on viral replication and progression of cervical cancer.

1. Introduction

Cervical cancer is the most common malignant tumor in the female
genital tract system. Approximately 569,847 new cases were diagnosed
and 311,365 deaths occurred worldwide in 2018, mainly in developing
countries [1]. Persistent infection with high-risk human papillomavirus
(HR-HPV) is a major risk factor for cervical cancer [2]. HPV type 16
(HPV16) is the most prevalent HR-HPV which has been found in the
majority of cervical cancer cases [3].

HPV16 genome is ca. 7,906 bp in length and is divided into three
functional regions: an early region encoding core viral proteins (E1, E2,
E4, E5, E6 and E7), long control region (LCR) and a late region. E6 and
E7, which are involved in tumorigenesis of cervical cancer, are highly

expressed in tumors. The LCR, adjacent to the upstream of E6 gene,
contains regulatory elements for viral DNA replication and transcrip-
tion. The late region encodes the L1 and L2 capsid proteins responsible
for the viral DNA packaging and assembling in an icosahedral structure
[4].

HPV variants can be classified into lineages and sublineages based on
the complete genome differences of 1.0-10.0% and 0.5-1.0%, respec-
tively [5,6]. HPV16 has been grouped into four phylogenetic lineages: A,
B, C and D, and each lineage was further divided into four sublineages
(A1-4, B1-4, C1-4, and D1-4) respectively [7,8]. The previously named
Asian (As) and North American 1 (NA1) variants are designated sub-
lineages A4 and D1, respectively [9,10]. Sequencing and Epidemiolog-
ical evidence suggested that nucleotide polymorphism of HPV genome
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could contribute to viral pathogenicity and cervical carcinogenicity [6,
11-15]. In addition, a few reports suggest that co-evolution of HPV16
and humans is strongly associated with risk of cervical cancer risk [12,
16,171].

In this study, samples from cervical cancer patients were obtained
from Han women in Beijing, China, and polymorphic sites within the
genes of E6, E7 and LCR were analyzed. The aims of this study were to
investigate the genetic diversity of HPV16 E6, E7 and LCR in isolates
from Chinese Han women and correlation of the E6, E7 and LCR poly-
morphisms with disease status of infected patients. Finally, functional
prediction of HPV16 LCR variants in cervical specimens was performed
to determine the polymorphisms of transcription factor binding sites of
the HPV16 LCR variants in Beijing, China.

2. Materials and methods
2.1. Collection of clinical specimens

This study collected cervical exfoliated cells samples from 392 HPV-
positive patients who visited the gynecological outpatient department of
Chinese PLA general hospital in 2018. According to the cytological and
histological evaluations of fresh specimens, the cytological results were
categorized as normal, cervicitis, atypical squamous cells of undeter-
mined significance (ASCUS), cervical intraepithelial neoplasia grade 1, 2
and 3 (CIN1, CIN2 and CIN3) and cervical cancer (CC). Histopatholog-
ical diagnosis was completed by a pathologist who was unaware of the
HPV detection results. Informed consent was obtained from participa-
tion in the study and this study was approved by the ethics committee of
National Institute for Viral Disease Control and Prevention, China.

2.2. PCR amplification and sequencing of HPV16

PCR was performed as that previously described [18]. According to
the HPV16 reference sequence (Accession Number: K02718), the primer
pairs were used for amplifications of both fragments of E6-E7 and LCR as
well. The primers were synthesized by Sangon Biotech (Shanghai,
China). The amplification of the LCR fragments was performed in 50 pL
reaction volumes containing one unit of ExTaq® DNA Polymerase
(TaKaRa), 4 mM of MgCl,, 0.25 mM of dNTPs, 0.25 pM of each primer
and 1 pL of extracted DNA. The thermal profiling was as: 95 °C for 5min,
followed by 5 cycles of 95 °C for 1min, 55 °C for 1min, 72 °C for 5min,
and then 35 cycles of 95 °C for 20s, 55 °C for 30s, 72 °C for 5min, and
final elongation at 72 °C for 5Smin. Purification and sequencing of PCR
products were completed by Sangon Biotech (Shanghai, China). The
following primers were used:

HPV16 E6E7-F: GTAACCGAAATCGGTTGAACCG;
HPV16 E6E7-R: CATAAAACCATCCATTACATCCCG;
HPV16 LCR-F: CTACAACTGCTAAACGCAAAAAACG;
HPV16 LCR-R: AACATTGCAGTTCTCTTTTGGTGC.

2.3. Phylogenetic analysis of HPV16 E6-E7 and LCR

The phylogenetic diagrams of either HPV16 E6-E7 or LCR sequences
were constructed using the Neighbor-Joining method (NJ) with MEGA
Suite version 7.0. The reference sequences of each variant used in the
analysis were NC_001526.4, K02718 (A1), AF536179 (A2), HQ644236
(A3), AF534061 (A4), AF536180 (B1), AF472509 (C1) and AF402678
(D3). The mutation points were manually interpreted according to the
actual phenogram. After the sequence alignment, integrated analysis of
alignment results and the clinical data was performed to find the rela-
tionship between mutation and clinicopathology.

2.4. Prediction of transcription factor binding sites

The online database JASPAR (http://jaspar.genereg.net/) was used
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to investigate the transcription factor binding sites (TFBS) within HPV-
16 LCR [19,20]. The transcription factors include CEBPB, ETS1, FOS,
FOXA1, HSF1, HOXC11, JUN, IRF7, IRF1, IRF2, MAFK, NFE2L2, NFKB1,
NFIL3, PHOX2A, RUNX1, RAX, SP1, SRY, SOX9, SPIB, STAT1, STATS3,
SRF, VAX1, and YY1. The relative profile score threshold was set at 85%.

2.5. Statistical analysis

Contingency table (R x C) data analysis, Chi-square test (CMH—XZ)
were used for the difference of HPV16 mutations and tumorigenicity of
cervical cancer, a P-value <0.05 was considered statistically significant.
Furthermore, the magnitude of the associations of HPV16 mutations
with >CIN2,3 was assessed by calculating odds ratios (OR) and
respective 95% confidence intervals (CI). Statistical analyses were per-
formed with SPSS 26.0.

3. Results
3.1. Characteristics of the study populations and distribution of HPV16

Information about the studied population is shown in Table 1.
Among the 392 HPV-positive samples, 249 were identified HPV16
positive, accounting for 63.5%. The average age of the subjects was
36.32 + 8.12 years old. Among the populations, 99 women were Normal
(39.7%), 44 were CIN1 (17.7%), 44 were CIN2 (17.7%), 41 were CIN3
(16.5%) and 21 were cervical cancer (8.4%).

3.2. Phylogenetic analysis of nucleotide sequence HPV16

Among the 249 HPV16 isolates, the E6E7 or LCR sequences from 141
isolates were analyzed. The 98 E6-E7 sequences and 84 LCR sequences
were obtained, respectively. Both E6-E7 and LCR sequences were ob-
tained from 41 samples. The phylogenetic trees of HPV16 E6-E7 and LCR
were constructed, respectively (Fig. 1). Lineage A alone was observed in
the subjects. 98 E6-E7 sequences were subjected to phylogenetic tree
analysis (Figs. 1A), 52 samples were Al1-3 sublineages, and 46 samples
were A4 sublineages. According to the phylogenetic analysis based on
84 LCR sequences, 49 were Al-3 sublineages and 35 were A4 sub-
lineages (Fig. 1B).

3.3. Single nucleotide polymorphisms of HPV16 isolates

22 nucleotide mutations were found in E6 and E7 sequences of 98
HPV16 isolates, including 10 missense mutations in E6 (A95G, G176A,
T178A, T185G, G267A, A276G, C335T, T350G, A442C and C516G) and
2 missense mutations in E7 (A646C and C790T). T350G mutation
accounted for 8.2% (8/98), followed by T178A mutation, accounting for
4.1% (4/98), and A442C mutation accounted for 3.1% (3/98). Both
T350G and T178A mutations occurred in Al-3 variants, and the muta-
tion rates were 15.4% and 7.7% respectively. The sporadic mutation
sites of A1-3 variants and A4 variants are shown in Tables 2 and 3.

In addition, compared with the reference sequences of sublineages
Al and A4 in LCR region, 41 different point mutations were detected in
within the entire LCR fragment (Tables 4 and 5). Sequence analysis of 98

Table 1
Information about HPV16 infected women.

HPV16 positive women (%) n = 249

Mean + SD 36.32 + 8.12
Range 20-60
Cervical disease (no. of women)

Normal 99(39.76)
CIN1 44(17.67)
CIN2 44(17.67)
CIN3 41(16.47)
CcC 21(8.43)
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Fig. 1. Phylogenetic tree of the HPV16 variants based on E6E7 and LCR sequences. A. Phylogenetic tree based on 98 E6E7 sequences. B. Phylogenetic tree based on
84 LCR sequences. The Neighbor-Joining method and the Tamura 3-Parameter model were used to construct the phylogenetic tree by MEGA version 7.0. The
standard sequences included NC_001526.4, K02718 (A1), AF536179 (A2), HQ644236 (A3), AF534061 (A4), AF536180 (B1), AF472509 (C1) and AF402678 (D3).
Numbers closest to the branch points are bootstrap values (1,000 replicates). Both E6GE7 and LCR sequences of 41 samples were marked in red. . (For interpretation of
the references to colour in this figure legend, the reader is referred to the Web version of this article.)

samples showed that the mutations T843C, G666A, A7287C, A7418G,
C7780T and A7872G in the A4 isolates and T7711G in the Al isolates
were clustered and the relationship between them and cervical lesions
was shown in Table 6. In the y? statistical test, we first normalized the
grouping. As shown in Table 6, we combined the groups of normal and
CIN1 into one category, meanwhile, combined CIN2 and above lesions
into another category. The statistical results suggested that A4 sub-
lineage T843C, A7287C and A7872G were significantly related to CIN2
and above grade lesions.

3.4. Prediction of transcription factor binding sites

We utilized JASPAR to predict the influences of SNP in LCR for
binding to transcription factors and effects of the variants in HPV16 LCR
on binding sites of cellular transcription factors. The results indicated
that 14 (34.1%) of the 41 variants were located in the HPV16 LCR
binding sites of transcription factors, which potentially influenced the
binding of transcription factors and resultant gene expression. The po-
tential transcription factors FOXA1, VAX1, STAT3, CEBPB, SOX9, FOS,
RAX1, NFIL3, HOXC11 and PHOX2A were detected on the mutation
sites of A1 and A4 variant strains, respectively (Table 7). The point
mutation of A7166G, T7170G or A7172C resulted in loss of a putative
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Table 2

Sporadic mutations in E6 and E7 of A1-3 variants.
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binding site for oncogenic transcription factor FOXA1. Furthermore, co-
variations of C7308T and C7312T resulted in a new binding site for the
transcription factors CEBPB and NFIL3, while G7218C resulted in loss of
two binding site for the transcription factors STAT3 and HOXC11. The
mutations of C7312T, A7496C, A7727C, G7218C, T7363G, A7659G and
G7825A resulted in loss of transcription factors, while the mutations of
C7597T, C13T and G7825A resulted in addition of binding sites for
transcription factors.

4. Discussion

Cervical cancer is the second most common cancer in women in the
world, with high malignancy and high mortality. Persistent infection of
HR-HPV is a high-risk factor for cervical cancer. With the development
of molecular biology and epidemiology, the research on the relationship
between HPV infection and lower genital tract diseases has been deep-
ened, and it has been found that HPV16 infection is closely related to the
occurrence of cervical cancer together with high-grade cervical lesions.
In our study, HPV16 was still the most prevalent HR-HPV in China.
Among the 392 HPV-positive samples, 249 samples (63.5%) were
confirmed HPV16 positive.

In 1993, Ho et al. conducted an evolutionary analysis on the HPV
LCR partial sequences (7478-7841 nt) of HPV16-infected persons from
25 different races and regions around the world, and the results divided
the HPV16 variant strains into 5 main sublineages [11]. Occurrence
groups and are distributed in different regions. D2 and D3 sublineages
are mainly found in Central and South America and Spain, lineage B and
C lineages are mainly found in Africa, A4 sublineage is mainly found in
Southeast Asia, A1 and A2 sublineages are found all over the world,
except for Africa. Among cervical cancer patients in China, HPV16
lineage A is the most common variant, and the distribution of HPV16
isolates in different regions [21,22]. In this study, the evolution analysis
of HPV E6E7 and LCR sequence showed that HPV16 isolates in Beijing
women was lineage A according to lineage distribution mentioned
above.

Large of studies have conducted in-depth research on the relation-
ship between HPV16 variation and cervical lesions. The nucleotide
difference between HPV16 mutants was less than 1%, but there was
significant difference in carcinogenicity. Among the point mutations, a
few mutations in E6 gene can affect the diversity of mutant strains, and
L83V mutation is the most common E6 mutation [23]. Previous studies
proved that the L83V mutation of HPV16 lineage D (D2, D3) has
stronger immortalization, transformation and tumorigenicity than
lineage A variant through sequencing of HPV16 E6 [24-28]. In this
study, the point mutation of E6 T350G (L83V) accounted for only 8.2%
(8/98), L83V mutation accounted for 6.6% (4/61) of CIN2 and above
lesions. There was no significant difference between the L83V mutation
and the incidence of CIN2 and above lesions (the results were not
shown). Therefore, we suggested that L83V mutation in E6 gene did not
affect the high carcinogenicity.

Some studies believed that HPV16 D2 and D3 sublineages are much
more carcinogenic than that of HPV16 Al-3 sublineages [29,30]. Wu
et al. found that the HPV16 A4 variants may be related to the high
incidence of cervical cancer in China [31]. However, Xi et al. showed
that the two variants of A1 and A4 had similar risks of high-grade cer-
vical lesions and cervical cancer [17]. This study found that the variants
of HPV16 in Chinese women was mainly lineage A. There was no sta-
tistical correlation between A4 sublineage and cervical lesions. How-
ever, T843C, A7287C and A7872G on the E7 and LCR sequences of A4
variants were significantly correlated with the grade of cervical lesions.
We hypothesized that the analysis of the E2, E4, E5, L1 and L2 sequences
of A4 sublineage can further reveal the evolutionary information of the
A4 variants, which may play an important role in the study of its
pathogenic mechanism.

The LCR contains the early promoter and various transcriptional
regulatory sites of involved in viral DNA replication and transcription
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Table 3
Sporadic mutations in E6 and E7 of A4 variants.
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Table 4
Sporadic mutations in LCR of Al-3 variants.
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[32,33], such as E2, YY1, NF1, FOS, NFKB1, and others. Several studies
have suggested that certain LCR variants of HPV16 may play an
important role in viral persistence and the development of cervical
cancer [34-36]. For example, Dong et al. suggested that the mutation of
the LCR sequence of HPV16-positive cervical cancer patients is mainly
located in the YY1 binding region [37,38]. This study found that 14
mutation sites may located in the 11 binding regions, including FOXA2,
CEBPB, STAT3, FOS, SOX9 and others. However, we did not find that the
loss or addition of transcription factors caused by nucleotide mutations
of HPV16 LCR were associated with disease progression.

In recent years, research data have shown that HPV16 variants are
associated with different ethnicities, A1-3 variants are more likely to
appear in Caucasian women, and D2 and D3 variants are more likely to
appear in African Americans [39]. The relationship between race related
HPV16 variants and cervical cancer has also been studied. Xi et al.
confirmed that certain mutants have different risks of CIN3 in different
races [17]. This study only focused on the distribution of HPV16 variants
in the Han population. In contrast to previous studies, the D2 and D3

variants, which are more common in cervical cancer in Uyghur women,
are not common in Chinese Han women. Therefore, there is sample se-
lection bias in this study, it is still necessary to further expand the sample
size. Han and minority women in China need to be also included in the
study.

In conclusion, this study has shown that lineage A (including A1-3
and A4 sublineages) of HPV16 is the predominant variants in Beijing,
China. 22 mutations in E6, E7 and 43 different point mutations in LCR
were detected in HPV16 isolates. In addition, the mutations of T843C,
A7287C and A7872G were significantly correlated with the cervical
lesions, and the 11 potential transcription factor binding sites were in 14
point mutations. Although our study showed some limitations on sample
capacity and source, it provided more data on the distribution of HPV
variants in Chinese Han women, the complicated relation among HPV16
E6, E7 and LCR mutations, transcription factors and carcinogenesis.
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Table 5
Sporadic mutations in LCR of A4 variants.
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Table 6
Nucleotide mutations of HPV16 and tumor progression.

Mutations <CIN2 >CIN2 »

95% CI P

A4 843T 8 27 9.197
A4 843C 8 3

Al 666G 15 17 1.456
Al 666A 6 14

A4 7287A 7 18 7.887
A47287C 8 2

A4 7418A 12 12 1.591
A4 7418G 3 8

A4 7780C 3 8 1.591
A4 7780T 12 12

A4 7872A 10 19 4.844
A4 7872G 5 1

Al 7711T 17 20 3.272
Al 7711G 2 10

0.004* 0.111 0.024-0.520 0.005*

0.180 2.059 0.631-6.712 0.722

0.07* 0.097 0.016-0.576 0.010*

0.281 2.667 0.566-12.557 0.215
0.281 0.375 0.08-1.766 0.215
0.040* 0.105 0.011-1.029 0.053

0.095 4.25 0.816-22.132 0.086

Note: *P < 0.05.

Table 7
Nucleotide mutations of HPV-16 LCR and the predicted binding sites for tran-
scription factors.

Sublineage Nucleotide mutation site Transcription factors
Al A7166G /A\FOXA1

Al T7170G /A\FOXA1

Al A7172C A\FOXA1

Al C7308T, C7312T NFIL3

Al C7312T A\ETS1

Al A7496C A\VAX1

Al C7597T SOX9

Al A7727C /A\PHOX2A

Al C0013T RAX

A4 G7218C STAT3, HOXC11
A4 T7363G A\VAX1

A4 A7659G AETS1

A4 G7825A /\SOX9, FOS

Note: /\ mutation site resulted in loss the transcription factor.
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